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(54) Method for purifying tetrakis(f luoroaryl)borate compounds 

(57) A solution containing an organic solvent and a compound including impurities, represented by, for example, 
general formula (1) 
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(wherein R-| to R 10 independently represent H, F, a hydrocarbon group or an alkoxy group, at least one of R 1 to R 5 is F, 
at least one of R 6 to R 10 is F, M is H, alkali metal, alkaline earth metal or alkaline earth metal halide, n is 3 or 4, and m 
is 2 when M is an alkaline earth metal, or m is 1 when M is the other) is mixed with water. The purified compound is 
reacted with a compound which forms a monovalent cation seed to prepare a derivative. Thus, a purifying method capa- 
ble of efficiently and easily separating and removing colored components contained in tetrakis(fluoroaryl)borate com- 
pounds can be provided. Moreover, it is possible to provide a method capable of preparing a highly-pure 
tetrakis(fluoroaryl)borate derivative efficiently and at low costs. 
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Description 

FIELD OF THE INVENTION 



^ L PreS6nt ,nvention re,ates t0 a method for Purifying a tetrakis(fluoroaryl)borate compound containing impu- 
rities. The present invention also relates to a method for preparing a tetrakis(fluoroaryl)borate derivative which is useful 
as, for example, a co-catalyst of a metallocene catalyst (polymerization catalyst) for a cationic complex polymerization 
reaction and a catalyst for photopolymerization of silicone. 



10 BACKGROUND OF THE INVENTION 



_ _ • • •« m _ mm 

are useful compounds as, for example, a co-catalyst tor promoting the 
activity of a metallocene catalyst (polymerization catalyst) for a cationic complex polymerization reaction and a catalyst 
for photopolymerization of silicone. Moreover, tetrakis(f luoroaryl)borate compounds are compounds which are useful as 
intermediates tor the preparation of the tetraWs(fluoroaryl)borate derivatives. In resent years, the metallocene catalyst 
is particularly noted as a catalyst for polymerization of polyolef in. 

[0003] For instance. J. Organometal. Chem., 2 (1 964). pp.245-250 discloses a method for synthesizing a tetrakisfpen- 
tafluorophenyl)borate derivative by reacting bromopenetafluorobenzene with butyl lithium (an organic lithium com- 
pound) at -78 °C with the use of dry pentane as a solvent to form pentaf luorophenyl lithium, reacting this compound with 
a boron tnchlonde (halogenated boron) to synthesize a tris(pentaflourophenyl)borane. and reacting this compound with 
pentafluorophenyl lithium to synthesize the tetrakis(pentafluorophenyl)borate derivative. Moreover. Tokukaihei No 6- 
247981 (Japanese laid-open patent application, published September 6. 1994) discloses a method for synthesizing a 
tetrak.s(pentafluorophenyl)borate- lithium that is a kind of tetrakis(fluoroaryl)borate compound from pentaf luoroben- 
zene with the use of an organic lithium compound and halogenated boron. 

[0004] However, these methods suffer from the problems: 1) since the organic lithium compound is unstable with 
respect to heat, the temperature of the reaction system must be maintained at a temperature of not higher than -65 "C 
and therefore special facilities are required and it takes a cost for cooling; 2) since an expensive organic lithium com- 
pound must be used and ignition may occur by the reaction between the compound and water, etc. it is dangerous to 
handle the compound; and 3) since expensive halogenated boron must be used and the compound is in gaseous phase 
and corrosive, the compound is difficult to handle. It is thus difficult to industrially implement the method disclosed in the 
above-mentioned publications. 

[0005] In contrast for example, United States Patent No. 5,473,036 discloses a method for preparing triethylammo- 
nium • tetrakis(pentafluorophenyl)borate by reacting bromopentafluorobenzene with magnesium to give pentafluoroph- 
enyl magnesium bromide, reacting this compound as a Grignard reagent with a boron trifluoride diethyl ether complex 
to synthesize tetrakis(pentaf luorophenyl)borate • magnesium bromide, and reacting this compound with triethylammo- 
nium- chloride to prepare the triethylammonium • tetrakis(pentafluorophenyl)borate. Further. Tokukaihei No 6-247980 
(Japanese laid-open patent application, published September 6. 1994) discloses a method for synthesizing a tet- 
ratas f luoroaryl)borate compound by a Grignard reaction, and more specifically a) a method for preparing a tet- 
ratas(pentafluorophenyl)borate- magnesium halide by reacting a pentafluorophenyl magnesium halide with 
halogenated boron; and b) a method for preparing a tetrakis(pentafluorophenyl)borate • magnesium halide by reacting 
a pentaf luorophenyl magnesium halide with tris(pentafluorophenyl) boron ~ 

[0006] In the preparation method of United States Patent No, 5.473.036, magnesium bromide fluoride and magne- 
sium chlonde fluoride are given as by-products together with triethylammonium. tetrakis(pentafluorophenyl)borate 
However, th.s publication does not disclose or mention separation and removal of the halogenated magnesium as the 
by-product from the reaction system. Since triethylammonium • tetrakis(pentafluorophenyl)borate is a crude product in 
order to obtain a final purified product, it is necessary to recrystallize the compound with the use of chloroform or meth- 

1 r,de/butyl ether K is lhu8 hard to s *y * at »» preparation method is an industrially effective method 
[0007] Besides, in the above-mentioned preparation method a) of Tokukaihei No. 6-247980, halogenated magnesium 
is given as a by-product together with the tetraWs(pentafluorophenyl)borate • magnesium halide. However, this publica- 
tion does not d.sclose or mention separation and removal of the halogenated magnesium as the by-products from the 
reaction system. When a tetrakis(pentafluorophenyl)borate derivative which is prepared with the use of tetrakis(pen- 
tafluorophenyl)borate • magnesium bromide containing halogenated magnesium as impurities is used as for example 
a co-catalyst of a metallocene catalyst, the activity of the catalyst is considerably lowered. Therefore, the tetrakis(pen- 
taf luorophenyOborate • magnesium bromide prepared by this method is not suitable as the intermediate for the prepa- 
ration of the tetrakis(pentafluorophenyl)borate derivative. 

L°?^LJ he ft r l? f, . UOr0phenyl ma 9 nesium ha,ide a s a Grignard reagent used in the above United States Patent No 
5.473.036 and Tokukaihei No. 6-247980 and more specifically, for example, pentafluorophenyl magnesium bromide 
formed from bromopentafluorobenzene and magnesium, is colored black by colored components as impurities pro- 
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duced by a side reaction, etc. Therefore, a tetrakis(fluoroaryl)borate compound synthesized with the use of the pen- 
tafluorophenyl magnesium haJide is colored black by the colored components unless the step of removing the colored 
components is executed. Thus, when a tetrakis(fluoroaryl)borate derivative as an object is prepared using the tet- 
rakis(fluoroaryl)borate compound, the tetrakis(f luoroaryl)borate derivative has a bad color tone. Hence, it is difficult to 
provide tetrakis(f luoroaryl)borate derivatives as products. 

[0009] In short, the tetrakis(fluoroaryl)borate compound containing the colored components as impurities is not suit- 
able as the intermediate for the preparation of a tetrakis(fluoroaryl)borate derivative. However, the above-mentioned 
publications do not disclose or mention the removal of the colored components. 

[0010] Therefore, there is a great demand for a purifying method capable of efficiently and easily separating and 
removing colored components contained as impurities in tetrakis(fluoroaryl)borate compounds. There is also a great 
demand for a method capable of preparing a highly-pure tetrakis(f luoroaryl)borate derivative efficiently and at low costs. 

SUMMARY OF THE INVENTION 

[001 1 ] It is an object of the present invention to provide a purifying method capable of efficiently and easily separating 
and removing colored components contained as impurities in tetrakis(fluoroaryl)borate compounds. 
[0012] It is another object of the present invention to provide a method capable of preparing a highly-pure tet- 
rakis(f luoroaryl)borate derivative, which is useful as, for example, a co-catalyst of a metallocene catalyst and a catalyst 
for photopolymerization of silicone, efficiently and at low costs. 

[0013] The inventors of the present invention eagerly studied on the method for purifying tetrakis(fluoroaryl)borate 
compounds, and the method for preparing tetrakis(fluoroaryl)borate derivatives. It was found as a result of the study 
that, by mixing a solution containing an organic solvent and a tetrakis(fluoroaryl)borate compound including colored 
components as impurities, with water, the colored components can be efficiently and easily separated and removed. 
Further, the inventors found that a highly-pure tetrakis(f luoroaryl)borate derivative can be prepared efficiently and at low 
costs by reacting the tetrakis(fluoroaryl)borate compound obtained by the above-mentioned purifying method with a 
compound generating a monovalent cation seed, and completed the present invention. 

[0014]- In order to achieve the above object, a method for purifying a tetrakis(fIuoroaryl)borate compound according 
to the present invention is a method characterized by mixing a solution containing an organic solvent and the tet- 
rakis(fluoroaryl)borate compound including impurities, with water. 

[001 5] Moreover, the method for purifying a tetrakis(f luoroaryl)borate compound according to the present invention is 
characterized in that the tetrakis(fluoroaryl)borate compound is a compound represented by general formula (1) 




(wherein R 1f R 2 , R 3 , R 4 , R 5 , Re, R 7 , R 8 , R 9 and R 10 independently represent a hydrogen atom, afluorine atom, a hydro- 
carbon group or an alkoxy group, at least one of to R 5 is a fluorine atom, at least one of Rq to R 10 is a fluorine atom, 
M is a hydrogen atom, alkali metal, alkaline earth metal or alkaline earth metal halide, n is 3 or 4, and m is 1 when M is 
a hydrogen atom, alkali metal or alkaline earth metal halide, or m is 2 when M is an alkaline earth metal). 
[001 6] Furthermore, the method for purifying a tetrakis(f luoroaryl)borate compound according to the present invention 
is characterized by removing the organic solvent from the mixture by distillation after mixing the solution with water, or 
by further mixing an aqueous solution obtained by removing the organic solvent from the mixture by cfistillation after 
mixing the solution with water, with an aromatic hydrocarbon. Additionally, the method for purifying a tetrakis(fluoro- 
aryl)borate compound according to the present invention is characterized by isolating the tetrakis(fluoroaryl)borate 
compound as a solid from an aqueous solution of the tetrakis(f luoroaryl)borate compound obtained by mixing the solu- 
tion with water. 
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T «, y j^ optm9 the abave Purifying method, since colored components contained as impurities in the tet- 
rakis uoroary^ borate compound can be separated and removed efficiently and easily, it is possible to purify the tet- 
ratas f luoroaryl)borate compound. In addition, after the solution is mixed with water, by remoSng the organic soVent 

mm the m-xture by distillation, or by further mixing the aqueous solution obtained by removing th SISSSSSS 

Snlly and Sly " ar ° ma,iC COlored "W* <* n be separated and removed more 

Pound asfSd^Sr'" 9 3bOVe PUrifyi " 9 meth0d ' " iS P ° SSible 10 iSO ' ate 1116 tetrakis ( fl "^y')borate com- 
[001 9] In order to achieve the another object, a method for preparing a tetrakjs(fluoroaryl)borate derivative according 

^ T ' S cnaracterized bv reactin 9 a tetrakis(f luoroaryl)borate compound obtained by the above puri- 
fying method with a compound which forms a monovalent cation seed. 

[0020] Moreover, the method for preparing a tetrakis(f luoroaryl)borate derivative accoiding to the present invention is 
characterized ,n that the tetrakis(fluoroaryl)borate derivative is a compound represented by general formu^) 




(2) 



4 -n 



(wherein R„ R 2 . R 3 , R 4 . R 5 , r 6 . r 7 , r 8 , Rg and r 10 independently represent a hydrogen atom, a fluorine atom 
a hydrocarbon group or an alkoxy group, at least one of R 1 to R 5 is a fluorine atom, at least one of F* to R 10 is a fluorine 
atom, Z* is a monovalent cation seed, and n is 3 or 4) . 

[0021 ] By adopting the above preparation method, it is possible to prepare efficiently a tetrakisff luoroaryl)borate deriv- 

ative does not contain colored components as impurities, it has a satisfactory color tone and high purity It is thus 
possible to use the derivative suitably as. for example, a co-catalyst of a metallocene catalyst for a cationlc oomplex 
polymerization reaction and a catalyst for photopolymerization of silicone complex 

l?^ 2 U l T & J^ S t , ^ e natUrS 8nd advanta 9 es rt 816 P res ent invention will be understood by the following descrip- 
tion. Also, the effects of the present invention will be explained clearly in the following description. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0023] A method for purifying a tetrakis(fluoroaryl)borate compound of the present invention is a process of mixino a 
solution containing an organic solvent and the tetraWs(f luoroaryl)borate compound including impurities, with water The 
water may be distilled water, ion-exchange water, or pure water. The tetrakis(fluoroaryl)borate compound is suitable as 
an .ntermed.ate of a tetrakisffluomaryDborate derivative. Moreover, a method for preparing a tefrX(f.uoroar^rate 
derivative of the present .nvention is a process of reacting the tetrakis(fluoroaryl)borate compound obtained by the 
above-mentioned purifying method with a compound which forms a monovalent cation seed 

[0024] The tetraWs(fluoroaryl)borate compound to be purified by the present invention is not particularly restricted if 
it is a borate compound having at least three f luoroaryl groups which are formed by substitution of at least one of hydro- 
gen atoms of an aryl group with a fluorine atom. More specifically, the tetraki S (f luoroary1)borate compound to be purified 
by the present invention is a compound represented by general formula (3) 
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(wherein R is an alkyl group having 1 to 20 carbon atoms or a cycloalkyl group having 3 to 10 carbon atoms, R-i , 
R2. R 3. R 4 and R5 independently represent a hydrogen atom, a fluorine atom, a hydrocarbon group or an alkoxy group, 
at least one of Rj to R 5 is a fluorine atom, M is a hydrogen atom, alkali metal, alkaline earth metal or alkaline earth 
metal halide, n is 3 or 4, and m is 1 when M is a hydrogen atom, alkali metal or alkaline earth metal halide, or m is 2 
when M is an alkaline earth metal). More specifically, the alkyl group of the substituent group represented by R in the 
formula is a straight-chain or branched-chain alkyl group. 

[0025] Among the compounds, a tetrakis(fluoroaryl)borate compound represented by general formula (1) above is 
more suitable. The following description will explain the present invention by illustrating the tetrakis(fluoroaryl)borate 
compound represented by general formula (1) above as an example. 

[0026] The tetrakis(f luoroaryl)borate compound of general formula (1) to be purified by the present invention is a com- 
pound, wherein substituent groups represented by R-, to R 10 in the formula are independently formed by a hydrogen 
atom, fluorine atom, hydrocarbon group or alkoxy group, at least one of the substituent groups represented by R1 to R 5 
is a fluorine atom, at least one of the substituent groups represented by to R 10 is a fluorine atom, a substituent group 
represented by M is formed by a hydrogen atom, alkali metal, alkaline earth metal or alkaline earth metal halide, n is 3 
or 4, and m is 1 when M is a hydrogen atom, alkali metal or alkaline earth metal halide, or m is 2 when M is an alkaline 
earth metal. 

[0027] Therefore, the tetrakis(fluoroaryl)borate compounds are specifically alkali metal salts of tetrakis(fluoro- 
aryl)borates, alkaline earth metal salts of tetrakis(f luoroaryl)borates, alkaline earth metal halide salts of tetrakis(f luoro- 
aryl)borates, and hydrogen compounds of tetrakis(f luoroaryi)borates. 

[0028] Specifically, the hydrocarbon group is an aryl group, a straight-chain, branched-chain or cyclic alkyl group hav- 
ing 1 to 1 2 carbon atoms, a straight-chain, branched-chain or cyclic alkenyl group having 2 to 1 2 carbon atoms, etc. The 
hydrocarbon group may further include a functional group inert to the purification (process) and reaction of the present 
invention. Specific examples of the functional group include a methoxy group, methylthio group, N,N-dimethylamino 
group, o-anise group, p-anise group, trimethylsilyloxy group, dimethyl-t-butylsilyloxy group, and trif luoromethyl group. 
[0029] The alkoxy group is represented by general formula (A) 

-OR a (A) 

(wherein R a is a hydrocarbon group), and the hydrocarbon group represented by R a in the formula is specifically, for 
example, an aryl group, a straight-chain, branched-chain or cyclic alkyl group having 1 to 12 carbon atoms, or a straight- 
chain, branched-chain or cyclic alkenyl group having 2 to 12 carbon atoms. The hydrocarbon group may further include 
a functional group inert to the purification (process) and reaction of the present invention. 

[0030] Specific examples of the alkoxy group represented by the general formula (A) include a methoxy group, an 
ethoxy group, an n-propoxy group, an isopropoxy group, an n-butoxy group, an isobutoxy group, a sec-butoxy group, a 
t-butoxy group, a cyclohexyloxy group, an allyloxy group, and a phenoxy group. 

[0031] Prior to describe in great detail the purifying method of the present invention, an example of the method for 
preparing the tetrakis(f luoroaryl)borate compounds will be explained below. 

[0032] The tetrakis(fluoroaryl)borate compounds can be prepared by © a process of treating tetrakis(fluoro- 
aryl)borate • magnesium halide represented by general formula (4) 
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rs (wherein R-,, R 2 , R 3 , R 4 , R5, R6, R7, Rs. R 9 and R10 independently represent a hydrogen atom, afluorine atom, a hydro- 
carbon group or an alkoxy group, at least one of R-| to R 5 is a fluorine atom, at least one of R 6 to R 10 is a fluorine atom, 
X is a chlorine atom, bromine atom or iodine atom, and n is 3 or 4) with a carboxylic acid alkali metal salt and/or car- 
boxylic acid alkaline earth metal salt; @ a process of treating the tetrakis(f luoroaryI)borate • magnesium halide with an 
acid; <§) a process of treating the tetrakis(f luoroaryl)borate • magnesium halide with an alkali metal hydroxide and/or 

20 alkaline earth metal hydroxide after treating it with an acid; and @ a process of treating the tetrakis(fluoro- 
aryl)borate • magnesium halide with a carboxylic acid alkali metal salt and/or carboxylic acid alkaline earth metal salt 
after treating it with an acid. 

[0033] Therefore, when the tetrakis(f luoroaryl) borate • magnesium halide is treated with a carboxylic acid alkali metal 
salt and/or carboxylic acid alkaline earth metal salt, or when it is treated with an alkali metal hydroxide and/or alkaline 

25 earth metal hydroxide, i.e., when the tetrakis(fluoroaryl)borate • magnesium halide is treated by any of the above proc- 
esses CD. ® and @, an alkali metal salt of tetrakis(f luoroaryl)borate and/or an alkaline earth metal salt of tetrakis(f luor- 
oaryl)borate and/or an alkaline earth metal halide salt of tetrakis(f luoroaryl)borate are obtained. Meanwhile, when the 
tetrakis(fluoroaryl)borate • magnesium halide is treated with an acid, i.e., when it is treated by the above process @, a 
hydrogen compound of tetraWs(f luoroaryl)borate is obtained. 

30 [0034] Besides, the tetrakis(f luoroaryl)borate • magnesium halide can be easily obtained by, for example, a process 
of reacting a halogenated aryl fluoride with magnesium to form f luoroaryl magnesium halide as a Grignard reagent and 
then reacting the fluoroaryl magnesium halide with halogenated boron in a mole ratio of 4:1. Hence, the tetrakis(f luor- 
oaryl) borate • magnesium halide is obtained in the state of a reaction solution dissolved in a solvent used for a Grignard 
reaction. 

35 [0035] The solvent is not particularly limited, and specific examples of the solvent include solvents of the ether series, 
such as diethyl ether, dipropyl ether, diisopropyl ether, dibutyl ether, t-butyl methyl ether, diisoamyl ether, 1 ,2-dimethox- 
yethane, 1 ,2-diethoxyethane, anisole, tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; solvents of the aliphatic 
hydrocarbon series, such as pentane, hexane, and heptane; solvents of the alicycfic hydrocarbon series, such as 
cyclopentane, cyclohexane, and methylcyclohexane; and solvents of the aromatic hydrocarbon series, such as ben- 

40 zene, toluene, and xylene. These solvents may be used as a combined solvent 

[0036] Incidentally, the above-mentioned reaction solution contains colored components as impurities formed by a 
side reaction, etc. Besides, when the tetrakis(f luoroaryl)borate • magnesium halide is produced by reacting a fluoroaryl 
magnesium halide with halogenated boron, the halogenated magnesium as the by-product, for example, magnesium 
bromide fluoride is dissolved as an impurity in the solution. 

45 [0037] Specific examples of carboxylic acid alkali metal salts used for the above treatment processes include: 

alkali metal salts of saturated aliphatic monocarboxylic acids, such as sodium formate, potassium formate, sodium 
acetate, potassium acetate, sodium propionate, and potassium propionate; 

monoalkali or dialkali metal salts of saturated aliphatic dicarboxylic acids, such as monosodium oxalate, disodium 
so oxalate, monopotassium oxalate, dipotassium oxalate, monosodium malonate, disodium malonate, monopotas- 
sium malonate, dipotassium malonate, monosodium succinate, disodium succinate, monopotassium succinate, 
and dipotassium succinate; 

alkali metal salts of unsaturated aliphatic monocarboxylic acids, such as solidum acrylate, potassium acryfate, 
sodium methacrylate, and potassium methacrylate; 
55 monoalkali or dialkali metal salts of unsaturated aliphatic dicarboxylic acids, such as monosodium maleate, diso- 
dium maleate, monopotassium maleate, dipotassium maleate, monosodium fumarate, disodium fumarate, mono- 
potassium fumarate, and dipotassium fumarate; 

alkali metal salts of aromatic monocaroboxilic acids, such as sodium benzoate, and potassium benzoate; and 
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monoalkali or dial kali metal salts of aromatic dicarboxilic acids, such as monosodium phthalate, disodium phtha- 
late, monopotassium phthalate, dipotassium phthalate, monosodium isophthalate, disodium isophthalate, monopo- 
tassium isophthalate, dipotassium isophthalate, monosodium terephthalate, disodium terephthalate, 
monopotassium terephthalate, and dipotassium terephthalate. However, the carboxylic acid alkali metal salts are 
5 not particularly limited to these examples. Note that, in the present invention, the carboxylic acid alkali metal salts 

include carbonates such as lithium carbonate, sodium carbonate, sodium bicarbonate, potassium carbonate, and 
potassium bicarbonate. 

[0038] Specific examples of carboxylic acid alkaline earth metal salts include: 

10 

alkaline earth metal salts of saturated aliphatic monocarboxylic acids, such as calcium formate, barium formate, 
calcium acetate, barium acetate, calcium propionate, and barium propionate; 

alkaline earth metal salts of saturated aliphatic dicarboxylic acids, such as calcium oxalate, barium oxalate, calcium 
malonate, barium malonate, calcium succinate, and barium succinate; 
15 alkaline earth metal salts of unsaturated aliphatic monocarboxylic acids, such as calcium acrylate, barium acrylate, 
calcium methacrylate, and barium methacrylate; 

alkaline earth metal salts of unsaturated aliphatic dicarboxylic acids, such as calcium maleate, barium maleate, cal- 
cium fumarate, and barium fumarate; 

alkaline earth metal salts of aromatic monocaroboxilic acids, such as calcium benzoate, and barium benzoate; and 
20 alkaline earth metal salts of aromatic dicarboxilic acids, such as calcium phthalate, barium phthalate, calcium iso- 
phthalate, barium isophthalate, calcium terephthalate, and barium terephthalate. 

However, the carboxylic acid alkaline earth metal salts are not particularly limited to these examples. Note that, in the 
present invention, the carboxylic acid alkaline earth metal salts include carbonates, such as calcium carbonate and bar- 
25 ium carbonate. However, in the present invention, the carboxylic acid alkaline earth metal salts do not include carboxylic 
acid magnesium salts. 

[0039] Only one kind or more than one kind of these carboxylic acid alkali metal salts and carboxylic acid alkaline 
earth metal salts (the general term "carboxylate" is hereinafter used to refer to both of these salts). Among the exem- 
plified carboxylates, lithium carbonate, solidum carbonate, potassium carbonate, sodium acetate, disodium succinate, 

30 and barium acetate are particularly preferred. The amount of carboxylate used is not particularly restricted if it is not 
less than one equivalent of tetrakis(f luoroaryl)borate • magnesium halide. Moreover, when the carboxylic acid alkali 
metal salt and carboxylic acid alkaline earth metal salt are used together, the ratio thereof is not particularly restricted. 
[0040] Specific examples of the acid used for the above-mentioned treatment processes include: inorganic acids, 
such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, and carbonic acid; and organic acids, such as for- 

35 mic acid, acetic acid, propionic acid, oxalic acid, malonic acid, and succinic acid. However, the acid is not particularly 
limited to these examples. 

[0041] It is possible to use only one kind or more than one kind of these acids. Among the exemplified acids, hydro- 
chloric acid, sulfuric acid, formic acid, acetic acid, oxalic acid and malonic acid are particularly preferred. The amount 
of acid used is not particularly restricted if it is not less than one equivalent of magnesium used for the preparation of 
40 tetrakis(fluoroaryl)borate • magnesium halide (introduced into the reaction system). Moreover, when an inorganic acid 
and an organic acid are used together, the ratio thereof is not particularly restricted. 

[0042] Specific examples of the alkali metal hydroxide used for the above-mentioned treatment processes include lith- 
ium hydroxide, sodium hydroxide, and potassium hydroxide. Besides, specific examples of the alkaline earth metal 
hydroxide used for the above-mentioned treatment processes include calcium hydroxide and barium hydroxide. In the 

45 present invention, however, the alkaline earth metal hydroxides do not include magnesium hydroxide. 

[0043] Only one or more than one kind of these alkali metal hydroxides and alkaline earth metal hydroxides (the gen- 
eral term "hydroxides" is hereinafter used to refer to both of these hydroxides). The amount of hydroxide used is not par- 
ticularly restricted if it is not less than one equivalent of tetrakis(f luoroaryl)borate • magnesium halide. Moreover, when 
the alkali metal hydroxide and alkaline earth metal hydroxide are used together, the ratio thereof is not particularly 

so restricted. 

[0044] When treating the tetrakis(f luoroaryl) borate • magnesium halide with a carboxylate (the above-mentioned 
process (J), the tetrakis(f luoroaryl)borate • magnesium halide and carboxylate can be mixed and stirred. When treating 
the tetrakis(f luoroaryl) borate • magnesium halide with an acid (the above-mentioned process ©), the tetrakis(f luoro- 
aryl) borate • magnesium halide and acid can be mixed and stirred. Further, when treating the tetrakis (fluoro- 
55 aryl)borate • magnesium halide with a hydroxide after treating it with an acid (the above-mentioned process ®), the 
tetrakis(f luoroaryl)borate • magnesium halide and hydroxide can be mixed and stirred after separating and removing the 
acid. Meanwhile, when treating the tetrakis(f luoroaryl)borate • magnesium halide with a carboxylate after treating it with 
an acid (the above-mentioned process @), the tetrakis(f luoroaryl)borate • magnesium halide and carboxylate can be 
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mixed and stirred after separating and removing the acid. 

[0045] The method of mixing a solution of tetrakis(f luoroaryi)borate • magnesium halide with the carboxylate, acid or 
hydroxide is not particularly limited. The carboxylate, acid and hydroxide can be mixed in the present state (solid or liq- 
uid), or in the state of solution if necessary, with the solution of tetrakis(fluoroaryl)borate • magnesium halide. 

5 [0046] Specifically, when the carboxylate, acid and hydroxide are in the state of solution, suitable examples of solvent 
include: water; the above-exemplified solvents of the ether series; the above-exemplified solvents of the aliphatic hydro- 
carbon series; the above-exemplified solvents of the alicyclic hydrocarbon series; solvents of the ester series, such as 
methyl acetate and ethyl acetate; the above-exemplified solvents of the aromatic hydrocarbon series; solvents of the 
alcohol series, such as methyl alcohol and ethyl alcohol; and solvents of the ketone series, such as acetone and methyl 

10 ethyl ketone. However, the solvent is not particularly limited to these examples. It is possible to use only one kind or 
more than one kind of these solvents. 

[0047] The method and order of mixing the carboxylate, acid or hydroxide are not particularly restricted. For instance, 
it is possible to mix the carboxylate, acid or hydroxide in the solution of tetrakis(fluoroaryl)borate • magnesium halide. 
Alternatively, it is possible to mix the solution of tetrakis(fluoroaryl)borate • magnesium halide in the carboxylate, acid or 
15 hydroxide. 

[0048] The temperature and time, i.e., conditions, of mixing and stirring the solution of tetrakis(fluoroaryl)borate • mag- 
nesium halide with the carboxylate, acid or hydroxide are not particularly restricted. According to the above-described 
treatment processes, the tetrakis(f luoroaryl)borate • magnesium halide can be easily treated by mixing the solution of 
tetrakis(f luoroaryl)borate • magnesium halide with the carboxylate, acid or hydroxide and then stirring them at room 

20 temperature for a predetermined time. Moreover, when treating the tetrakis (fluoroaryl)borate • magnesium halide with 
a hydroxide or carboxylate after treating it with an acid, the method of separating and removing the acid is not particu- 
larly restricted. For example, the acid can be separated from the solution of tetrakis(fluoroaryl)borate compound by per- 
forming simple separation (oil and water separation). After the treatment, the tetrakis (fluoroaryl)borate compound is 
obtained in the state of solution, i.e., in the state in which it is dissolved in a solvent (organic solvent). 

25 [0049] When the solution of tetrakis(f luoroaryl) borate • magnesium halide contains the carboxylate, acid or hydroxide, 
the carboxylate, acid or hydroxide can be removed by performing washing, etc.. if necessary. On the other hand, when 
the carboxylate, acid, hydroxide or the solution thereof contains the tetrakis(fluoroaryl)borate compound, the tetrakis 
(fluoroaryl)borate compound can be recovered by performing extraction, etc., if necessary. Further, when water is con- 
tained in the solution of tetrakis(f luoroaryl)borate compound, water can be removed (dried) by adding a desiccant, such 

30 as anhydrous magnesium sulfate, if necessary. 

[0050] By treating the tetrakis(f luoroaryl) borate •magnesium halide according to the above processes ® to ®, a 
tetrakis(fluoroaryl)borate compound to be purified by the present invention is obtained. In other words, when the tet- 
rakis(f luoroaryl) borate • magnesium halide is treated with the carboxylate or hydroxide, i.e., treated with the above- 
described processes ®, ® and ©, tetrakis(fluoroaryl)borates wherein M in general formula (1) above is an alkali 

35 metal, alkaline earth metal or alkaline earth metal halide are obtained. On the other hand, when the tetrakis(fluoro- 
aryl)borate • magnesium halide is treated with an acid, i.e., treated with the above-described process ©, a hydrogen 
compound of a tetrakis(fluoroaryl)borate wherein M in general formula (1) above is a hydrogen atom is obtained. 
[0051] Among the above-described treatment processes ® to @, for example, a suitable process can be selected 
on the basis of the kind of tetrakis(f luoroaryl)borate • magnesium halide, the kind of solvent, etc. so that a tetrakis(f luor- 

40 oaryl)borate compound in desired form (alkali metal salt, alkaline earth metal salt, alkaline earth metal halide salt or 
hydrogen compound) is obtained, or that the separation, for example, liquid separation, performed after the treatment 
is facilitated. 

[0052] According to the above-mentioned treatment processes, it is possible to convert, for example, halogenated 
magnesium, which is given as a by-product during the preparation of the tetrakis(f luoroaryl)borate • magnesium halide 

45 by a Grignard reaction, into the state of a water-soluble magnesium salt or water-insoluble magnesium salt (i.e., the 
state of a salt other than magnesium hydroxide). Therefore, for example, by separating or filtering the salt contained in 
the tetrakis(f luoroaryl)borate • magnesium halide, it is possible to separate or remove the salt efficiently and easily from 
the solution of tetrakis(fluoroaryl)borate compound. In other words, impurities such as halogenated magnesium con- 
tained in the tetrakis(f luoroaryl) borate • magnesium halide can be efficiently and easily separated and removed. 

so [0053] The method of separating and removing impurities from the solution of tetrakis(f luoroaryl)borate compound is 
not particularly restricted. When a tetrakis(fluoroaryl)borate derivative is produced using a tetrakis(fluoroaryl)borate 
compound containing halogenated magnesium as impurities, the tetrakis(fluoroaryl)borate derivative also contains hal- 
ogenated magnesium as impurities. When the tetrakis(f luoroaryl)borate derivative containing the halogenated magne- 
sium is used as, for example, a co-catalyst of a metallocene catalyst, the activity of the catalyst is considerably lowered. 

55 Therefore, the tetrakis(f iuoroaryl)borate compound containing the halogenated magnesium is not suitable as the inter- 
mediate for the preparation of the tetrakis(fluoroaryl)borate derivative. 

[0054] Besides, for example, even when the tetrakis(f luoroaryl)borate • magnesium halide does not contain impurities 
such as halogenated magnesium, it is preferred to obtain a hydrogen compound of tetrakis(fluoroaryl)borate, an alkali 
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metal salt of tetrakis(fluoroaryl)borate, an alkaline earth metal salt of tetrakis(fluoroaryl)borate, or an alkaline earth 
metal halide salt of tetrakis(fluoroaryl)borate by performing the above-described treatment. It is possible to promptly 
and efficiently proceed the reaction between such a salt and a compound which forms a monovalent cation seed. 
[0055] Incidentally, the method for preparing a tetrakis(fluoroaryl)borate compound is not necessarily limited to those 
5 exemplified above. It is possible to prepare tetrakis(fluoroaryl)borate • magnesium halide as one kind of tetrakis(fluoro- 
aryl)borate compound by, for example, a process of reacting f luoroaryl magnesium halide and tris(f luoroaryl) boron in 
a mole ratio of 1:1. 

[0056] With the above-mentioned preparation method, a solution containing a tetrakis(fluoroaryl)borate compound 
which does not contain halogenated magnesium such as magnesium bromide fluoride, i.e., a crude tetrakis(fluoro- 
w aryl)borate compound, and an organic solvent (hereinafter simply referred to as the "solution") is obtained. However, 
this solution contains colored components as impurities. The concentration (content) of the tetrakis{fluoroaryl)borate 
compound in the solution is not particularly restricted. However, in order to implement the purifying method of the 
present invention, a higher concentration is preferred. 

[0057] Next, the following description will explain the purifying method of the present invention. 
15 [0058] According to the purifying method of the present invention, the above solution is mixed with water. The tet- 
rakis(fluoroaryl)borate compound is soluble in water. On the other hand, the colored components which are given as 
by-product impurities during the preparation of the tetrakis(f luoroaryl)borate compound by the Grignard reaction are not 
soluble in water. Therefore, when the solution and water are brought into contact with each other by, for example, mixing 
and stirring, the tetrakis(fluoroaryl)borate compound moves toward the aqueous layer side, while the colored compo- 
se nents remain on the solution side (organic solvent side), i.e., remain on the oily layer side. Hence, for example, by sep- 
arating the mixture obtained by mixing and stirring the solution and water into two layers and then separating the 
aqueous layer and oily layer (oil and water separation), the tetrakis(fluoroaryl)borate compound and the colored com- 
ponents can be separated and removed efficiently and easily. In other words, it is possible to purify the tetrakis(f luoro- 
aryl)borate compound because the colored components can be separated and removed. 
25 [0059] The mixing ratio of the solution and water, i.e., the amount of water to the tetrakis(f luoroaryl)borate compound, 
can be set according to a mixing temperature (described later), the solubility of the tetrakis(f luoroaryl)borate compound 
at the temperature, etc.. and is not particularly restricted. For instance, the amount of water can be set so that the ratio 
of the tetrakis(f luoroaryl)borate compound to the total amount of the tetrakis(f luoroaryl)borate compound and water is 
within the range of preferably from 0.1% by weight to 90% by weight, more preferably from 1% by weight to 50% by 
30 weight, and most preferably from 1 0% by weight to 50% by weight. When the amount of water exceeds the above-men- 
tioned range, the amount of the aqueous layer is increased, and there is a possibility that the tetrakisff luoroaryl)borate 
compound is not purified efficiently. On the other hand, when the amount of water is less than the above-mentioned 
range, since the tetrakis(fluoroaryl)borate compound to be moved to the aqueous layer side remains on the oily layer 
side, there is a possibility that the tetrakis(f luoroaryl)borate compound is not purified efficiently. 
35 [0060] The method of mixing the solution and water and the mixing order are not particularly restricted. For instance, 
water may be mixed and stirred in the solution, or the solution may be mixed and stirred in water. At this time, water may 
be introduced into the solution by dropping, or the solution may be introduced into water by dropping. Alternatively, a 
method of continuously extracting the tetrakisff luoroaryl)borate compound from the solution with the use of water as an 
extractive medium by an apparatus such as a Soxhlet extractor for heavy specific gravity can be employed as the above- 
40 mentioned mixing method. Accordingly, in the present invention, "mixing the solution with water" includes "separating 
the solution from water while continuously contacting the solution with water". 

[0061] Moreover, the mixing temperature and time when mixing the solution with water, i.e., the purifying conditions, 
are not particularly restricted. According to the purifying method of the present invention, after mixing the solution with 
water, for example, they can be stirred for a predetermined time at a temperature which is higher than the freezing point 

45 of water but is not higher than the boiling point of water, i.e., within the range of from 0 °C to 1 00 °C, and more preferably 
from 50 °C to 100 °C within which the tetrakis(fluoroaryl)borate compound has a higher solubility and is dissolved more 
efficiently. Besides, the solution and water may be adjusted to a predetermined temperature (i.e., the mixing tempera- 
ture) prior to mixing. Alternatively, the mixture obtained by the mixing may be adjusted to the predetermined tempera- 
ture. In short, according to the purifying method of the present invention, the aqueous layer and the oily layer need to 

so reach the mixing temperature at the time of separation of the aqueous layer and oily layer (oil and water separation). 
Incidentally, the method of adjusting the solution and water, or the mixture, to the predetermined temperature is not par- 
ticularly restricted. 

[0062] Moreover, in the purifying method of the present invention, after mixing the solution and water, by removing 
the organic solvent from the mixture by distillation or further mixing an aqueous solution obtained by the removal of the 
55 organic solvent from the mixture by distillation with an aromatic hydrocarbon with, if necessary, it is possible to more 
efficiently purify the tetrakis(f luoroaryl)borate compound. In other words, by removing the organic solvent by distillation, 
or more specifically by removing the organic solvent by distillation, so that the weight of the organic solvent to the weight 
of the water is equal to or less than 30% by weight, an increased amount of the tetrakis(f luoroaryl)borate compound 
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which is dissolved in the oily layer (organic solvent) can dissolve in water. It is thus possible to purify the tetrakisffluor- 
oaryl)borate compound more efficiently. 

l 0 ^?!- 17,6 meth0d ° r the conditions such as temperature, pressure and time, for removing the organic solvent by 
distillation are not particularly restricted. When the organic solvent forms an azeotropic composition with water the tem- 
5 perature is preferably set to the azeotropic temperature. When the organic solvent does not form an azeotropic compo- 
sition with water the temperature is preferably set to a temperature equal to or higher than the boiling point of the 
organic sohrent. Moreover, when the organic solvent forms the azeotropic composition with water, the water removed 
together with the organic solvent by distillation may be returned to the mixture after the separation or discarded Alter- 
natively, new water equivalent to the amount of the water removed by distillation may be added to the mixture The pres- 
10 sure can be either normal pressure (atmospheric pressure) or reduced pressure. Hence, when removing the organic 
solvent by d.st.llatJon, the organic solvent is preferably a compound which forms an azeotropic composition with water 
or a compound whose boiling point at normal pressure is lower than 100 °C. Further, after mixing the solution with 
water, the organic solvent : may be removed from the mixture by distillation. Alternatively, the organic solvent may be 
removed by dist.llat.on wh.le introducing the solution into water by dropping. Incidentally, the heating method in remov- 
es ing the organic solvent by distillation is not particularly restricted. 

[0064] When the aqueous layer and the oily layer are present after removing the organic solvent by distillation usually 
the oily layer .s present as the upper layer and the aqueous layer is present as the lower layer. The method or 'the con- 
ditions such as tbe temperature and time, for separating the aqueous layer and the oily layer (oil and water separation) 
,„ IS n °VP a ^ u,ar| y resfr "*ed. However, in order to prevent separation of the tetraWs(fluoroaryl)borate compound dis- 
so sofved in the aqueous layer or to limit the lowering of the flowability of the aqueous layer, the temperature needs to be 
set to a temperature which is higher than the freezing point of the aqueous layer but is lower than the boiling point of 
the aqueous layer, and more preferably to a temperature around 50 °C. Incidentally, when the organic solvent forms an 
azeotropic composition with water, the temperature needs to be set to a temperature which is higher than the freezing 
point of the aqueous layer but is lower than the azeotropic temperature. 
25 [0065] By the way. when the organic solvent is almost completely removed by distillation, the colored components 
become, for example, oily droplets, and sink because the specific gravity of the droplets is greater than that of the aque- 
ous layer (aqueous solution). In this case, by extracting the aqueous layer or the droplets, it is possible to separate the 
etraks(fluoroaryl)borate compound from the colored components. Alternatively, in order to facilitate the separation of 
the coored components, it is possible to dissolve the colored components in an aromatic hydrocaibon by mixing the 
SSS? 0 * y *° carbon *\ e aoueous la V er and the" separate the aqueous layer and the aromatic hydrocarbon layer 
[0066] As the aromatic hydrocarbon, it is possible to use a compound which dissolves the colored components but 
does not dissolve the tetrakis(fluoroaryl)borate compound. Specific examples of the aromatic hydrocarbon may include 
benzene to uene. xylene, mesitylene, durene. ethylbenzene. and cumene. However, the aromatic hydrocarbon is not 
particularly limited to these examples. It is possible to use only one kind or a mixture of more than one kinds of these 
35 compounds. 

[0067] The amount of aromatic hydrocarbon used is not particularly restricted if it can dissolve the colored compo- 
nents sufficiently. For instance, the amount of aromatic hydrocarbon can be set so that the weight ratio of the tet- 
rak.s(fluoroaryl)borate compound to the aromatic hydrocarbon is preferably within the range between 1 0 01 and 1 -10 
and more preferably between 1 :0. 1 and 1 :5. When the amount of aromatic hydrocarbon used exceeds the above range' 
40 the amount of aromatic hydrocarbon layer is increased, and thus there is a possibility that the tetrakis(fluoroaryl)borate 
compound is not efficiently purified. yijowwe 

[0068] The method of mixing the aqueous layer and the aromatic hydrocarbon and the mixing order are not particu- 
larly restricted. For instance, the aromatic hydrocarbon may be mixed and stirred in the aqueous layer, or the aqueous 
layer may be mixed and stirred in the aromatic hydrocarbon. Alternatively, a method of continuously extracting the 
45 colored components from the aqueous layer with the use of the aromatic hydrocarbon as an extraction medium by an 
apparatus such as a Soxhlet extractor for heavy specific gravity can be employed as the above-mentioned mixing 
method^Accordingly ,n the present invention, "mixing the aqueous layer with the aromatic hydrocaibon" includes "sep 
aratmg the aqueous layer and the aromatic hydrocarbon while continuously contacting the aqueous layer with the aro- 
matic hydrocarbon". " ' 

>o [0069] Moreover, the conditions such as the mixing temperature and time when mixing the aqueous layer with the 
aromatic hydrocarbon are not particularly restricted, and for example, can be set according to the above-mentioned 
conditions for mixing the solution with water. After separating a mixture obtained by mixing and stirring the aqueous 
ayer and the aromatic hydrocarbon into two layers, by separating the aqueous layer from the aromatic hydrocaibon 

l^ 0,l *^l er se P arat,on >' « is P^ible to efficiently and easily separate and remove the tetrakis(fluoroaryl)borate 
>5 compound and the colored components. 

[0070] When the aqueous layer and the oily layer are separated without removing the organic solvent by distillation 
or when the aqueous layer and the oily layer are separated in a state in which the organic solvent is removed to certain 
extent by distillation, in order to further remove impurities contained in the aqueous layer, it is possible to mix the aque- 
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ous layer and aromatic hydrocarbon to dissolve (extract) the impurities in the aromatic hydrocarbon and then separate 
the aqueous layer and the aromatic hydrocarbon layer. With this process, it is possible to purify the tetrakisffluoro- 
aryl)borate compound to have higher purity. 

[0071] With the above-described purifying method, the tetrakis(fluoroaryl)borate compound containing no colored 
5 components as impurities, i.e., an aqueous solution of the tetrakis(fluoroaryl)borate compound is obtained. 

[0072] Besides, when isolating and purifying the tetrakis(fluoroaryl)borate compound as a solid (crystal) from the 
aqueous solution of the tetrakis(f iuoroaryl)borate compound, various processes can be further performed for example 
water is completely removed from the aqueous solution by distillation; the aqueous solution can be condensed and/or 
cooled to separate the compound, and then the separation process such as filtration is performed; or the compound is 
10 extracted from the aqueous solution by mixing the aqueous solution with an organic extraction medium, and then the 
organic extraction medium is removed by distillation. In particular, when water-soluble impurities are contained in the 
aqueous solution of the tetrakis(fluoroaryl)borate compound, it is preferred to perform the process using the orqanic 
extraction medium. 

[0073] The method of removing water completely from the aqueous solution by distillation and the various conditions 
such as temperature, pressure and time of the method are not particularly restricted. A specific example of such a 
method is a method of condensing and drying the aqueous solution under normal pressure or reduced pressure. The 
method of separating the compound by condensing and/or cooling the aqueous solution and the method of separating 
the compound by filtration, and various conditions such as the temperature, pressure and time of these methods are 
not particularly restricted. 

[0074] As the above-mentioned organic extraction medium, it is possible to use a compound which dissolves the tet- 
rakis(fluoroaryl)borate compound and is not evenly mixed with water. Examples of the organic extraction medium 
include: extraction media of the ether series, such as diethyl ether, dipropyl ether, diisopropyl ether, dibutyl ether t-butyl 
methyl ether, diisoamyl ether, 1 ,2<Jimethoxyethane, 1 ,2-diethoxyethane, anisole, 2-methyrtetrahydrofuran, and 1 2- 
dioxane; extraction media of the ester series, such as methyl acetate, and ethyl acetate; extraction media of the ketone 
series, such as diethyl ketone and dipropyl ketone; and extraction media of the chlorine series, such as methylene chlo- 
ride (dichloromethane), chloroform, and 1 ,2-dichloroethane. However, the organic extraction medium is not necessarily 
limited to these examples. It is possible to use only one kind or more than one kind of these organic extraction media 
[0075] The amount of the organic extraction medium used is not particularly restricted if the tetrakis(f luoroaryl)borate 
compound is sufficiently extracted from the aqueous solution. When an extraction using the organic extraction medium 
is performed, the tetrakis(fluoroaryl)borate compound moves to the oily layer side (organic extraction medium side) 
while various water-soluble impurities remain on the aqueous layer side (aqueous solution side). Therefore for exam- 
ple, by separating the mixture obtained by mixing and stirring the aqueous solution with the organic extraction medium 
into two layers and then separating the aqueous layer from the oily layer (water and oil separation), the tetrakis(fluoro- 
aryl)borate compound and the water-soluble impurities can be efficiently and easily separated and removed. 
[0076] The extraction method by mixing the aqueous solution with the organic extraction medium and the mixing order 
are not particularly restricted. For instance, the extraction may be performed by mixing and stirring the organic extrac- 
tion medium in the aqueous solution, or by mixing and stirring the aqueous solution in the organic extraction medium 
At this time, the organic extraction medium may be introduced into the aqueous solution by dropping, or the aqueous 
solution may be introduced into the organic extraction medium by dropping. Moreover, in the present invention "extrac- 
tion of the compound by mixing the aqueous solution with the organic extraction medium" includes "separation of the 
compound while extracting the compound by continuous contact of the aqueous solution with the organic extraction 
medium". The method in which the organic extraction medium is removed by distillation after extracting the compound 
from the aqueous solution and various conditions such as temperature, pressure and time of the method are not par- 
ticularly restricted. Hence, the method of extracting the tetrakis(fluoroaryl)borate compound from the aqueous solution 
using the organic extraction medium and the extraction conditions are not particularly restricted. 
[0077] According to the above-mentioned purifying method, it is possible to isolate the tetrakis(f luoroaryl)borate com- 
pound as a solid from the aqueous solution. Namely, the solid tetrakis(f luoroaryl)borate compound containing no impu- 
rities can be obtained. 

[0078] Next, the following description will explain a method for preparing a tetraks(fluoroaryl)borate derivative by 
reacting a tetrakis(fluoroaryl)borate compound obtained by the above purifying method with a compound which forms 
a monovalent cation seed. More specifically, the present invention will be explained by illustrating, as an example a 
method for preparing a tetrakis(f luoroary I) borate derivative represented by general formula (2) above by reacting a tet- 
rakis(fluoroaryl)borate compound represented by general formula (1) above with a compound which forms a monova- 
lent cation seed. 

[0079] The compound which forms a monovalent cation seed (hereinafter referred to as the "cation seed generating 
compound") according to the present invention can be a compound which forms a monovalent cation seed in a later- 
described reaction solvent and is reactive with a tetrakis(f luoroaryl)borate compound. 

[0080] Specific examples of the monovalent cation seed formed by the cation seed generating compound include* 
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ammonium cations, such as n-butyl ammonium, dimethyl ammonium, trimethyl ammonium, triethyl ammonium tri- 
isopropyl ammonium, tri-n-butyl ammonium, tetramethyl ammonium, tetraethyl ammonium and tetra-n-butvl 
ammonium; 7 

anilinium cations, such as anilinium, N-methyl anilinium, N,N-dimethyl anilinium, N,N-diethyl anilinium N N-diohe- 
5 nyl anilinium, and N.N.N-trimethyl anilinium; ' ' 

pyridinium cations, such as pyridinium, N-methyl pyridinium, and N-benzyl pyridinium; 
quinolinium cations, such as quinolinium, and isoquinolinium; 
adamantyl cations, such as adamarrtan-2-yl -ammonium; 

phosphonium cations, such as dimethylphenyl phosphonium, triphenyl phosphonium, tetraethyl phosphonium and 
10 tetraphenyl phosphonium; 

sulfonium cations, such as trimethyl sulfonium, and triphenyl sulfonium; 

iodonium cations, such as diphenyl iodonium, and di-4-methoxyphenyl iodonium; 

carbenium cations, such as triphenyl carbenium, and tri-4-methoxyphenyl carbenium; and 

monovalent cations of metals other than alkali metals and alkaline earth metals. However, the monovalent cation 
15 seed is not particularly limited to these examples. 

[0081] Among these compounds, trialkyl ammonium cations, tetraalkyl ammonium cations, dialkyl anilinium cations 
alkyl pyridinium cations, tetraalkyl phosphonium cations, tetraary! phosphonium cations, and diaryl iodonium cations 
are more preferred. Note that the anionic seed which forms a pair with the monovalent cation seed is not particularly 
20 restricted. ^ 7 

[0082] Specific examples of the cation seed generating compound include: 

quaternary ammonium compounds, such as tri-n-butyl amine • hydrochloride, N.N-dimethylaniline • hydrochloride 
N, N-dimethylaniltne • sulfate, tri-n-butyl ammonium • hydrochloride, and tetramethylammonium chloride- 
nitrogen-containing aromatic heterocyclic compounds, such as pyridine • hydrochloride, quinoline • hydrochloride 
N-methylpyridine iodide, and N-methylquinoline iodide; 
adamantane compounds, such as 2-aminoadamantane • hydrochloride; 

quaternary phosphonium compounds, such as tetra-n-butyl phosphonium bromide, and tetraphenyl phosphonium 
bromide; 

sulfonium compounds, such as trimethyl sulfonium chloride, and trimethyl sulfonium iodide; 
iodonium compounds, such as diphenyl iodonium chloride; and 
carbenium compounds, such as tritylchloride (triphenylcarbenium chloride). 

[0083] For example. N,N<Jimethylaniline • hydrochloride forms N,N-dimethylanilinium cation as the monovalent cation 
35 seed. In this case, the anionic seed is a chlorine ion. 

[0084] The amount to be used of the compound generating cation seed is not particularly restricted if it is not less 
than 0.8 equivalent of the tetrakis(fluoroaryl)borate compound. 

[0085] In the preparation method of the present invention, a reaction solvent is used. Specific examples of the reaction 
solvent include: water; solvents of the ether series, such as diethyl ether, dipropyl ether, diisopropyl ether dibutyl ether 
t-butyl methyl ether, diisoamyl ether, 1,2-dimethoxyethane, 1 ,2-diethoxyethane, anisole, tetrahydrofuran tetrahydro- 
pyran, and 1 .4-dioxane; solvents of the aliphatic hydrocarbon series, such as pentane, hexane, and heptane- solvents 
of the ahcydic hydrocarbons, such as cyclopentane, cyclohexane, and methylcyclohexane; solvents of the ester series 
such as methyl acetate, and ethyl acetate; solvents of the aromatic hydrocarbon series, such as benzene toluene and 
xylene; solvents of the alcohol series, such as methyl alcohol and ethyl alcohol; and solvents of the ketone series such 
as acetone, and methyl ethyl ketones. However, the reaction solvent is not particularly limited to these examples It is 
possible to use only one kind or more than one kind of these compounds. 

[0086] Moreover, for the reaction using an aqueous solution of a tetrakis(f luoroaryl)borate compound obtained by the 
above-mentioned purifying method, water in which the tetrakis(f I uoroaryl) borate compound is dissolved can be used as 
the reaction solvent {or part of the reaction solvent). Therefore, according to the preparation method of the present 
invention, it is possible to prepare a tetrakis(f luoroaryl)borate derivative with the use of the solution, without isolating the 
purified tetrakis(f luoroaryl)borate compound from the aqueous solution of the compound. 

[0087] Specific examples of the method of mixing a tetrakis(f luoroaryl)borate compound and a cation seed generating 
compound include: a method of mixing a tetrakis(fluoroaryl)borate compound and a cation seed generating compound 
in the reaction solvent; a method of mixing a cation seed generating compound or a solution thereof in an aqueous solu- 
tion of a tetrakis(fluoroaryl)borate compound; and a method of mixing a tetrakis(fluoroaryf)borate compound or an 
aqueous solution thereof in a solution of a cation seed generating compound. However, the method of mixing a tet- 
rakis(f luoroaryl)borate compound and a cation seed generating compound is not particularly limited to these examples 
When mixing the solution of a cation seed generating compound in the aqueous solution of a tetrakis(fluoroaryl)borate 
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compound or when mixing the aqueous solution of a tetrakis(fluoroaryl)borate compound in the solution of a cation 
seed generating compound, it is preferred to introduce the solution to be added, by dropping. 
[0088] The temperature and time, i.e., the reaction conditions for the reaction of the tetrakis(fluoroaryl)borate com- 
pound with the cation seed generating compound, are not particularly restricted. According to the preparation method 
5 of the present invention, by stirring a reaction liquid, which is prepared by dissolving the tetrakis(f luoroaryl)borate com- 
pound and the cation seed generating compound in a reaction solvent, at room temperature for a predetermined time, 
the reaction can proceed easily. It is therefore possible to easily obtain a tetrakis(fluoroaryl)borate derivative as an 
object. 

[0089] For instance, when the tetrakis(f luoroaryl)borate compound is an alkali metal salt of tetrakis(f luoroaryl)borate ( 
io an alkaline earth metal salt of tetrakis(fluoroaryl)borate or an alkaline earth metal halide salt of tetrakis(fluoro- 
aryl)borate, and when the cation seed generating compound is N.N-dimethylaniline • hydrochloride, N,N-dimethylanilin- 
ium •tetrakis(fluoroaryl)borate as an object is obtained by the reaction therebetween, and alkali metal chlorides such 
as sodium chloride or alkaline earth metal chlorides such as calcium chloride are given as by-products. These alkali 
metal chlorides or alkaline earth metal chlorides can be easily separated and removed from the solution of N,N-dimeth- 
15 ylanilinium • tetrakis(fluoroaryl)borate by, for example, performing separation, filtration, washing, etc. 

[0090] Moreover, for example, when the tetrakis(fluoroaryl)borate compound is a hydrogen compound of tet- 
rakis(fluoroaryl)borate and when the cation seed generating compound is N, N-dimethylani line • hydrochloride, N,N- 
dimethylanilinium • tetrakis(f luoroaryl) borate as an object is obtained by the reaction therebetween, and a hydrochloric 
acid is given as a by-product. The hydrochloric acid can be easily separated and removed from N,N-dimethylanilinium- 
20 • tetrakis(f luoroaryl)borate by, for example, performing separation, washing, etc. 

[0091 ] in other words, the tetrakis(f luoroaryl)borate derivative can be easily isolated and purified as a crystal by per- 
forming a simple process, for example, the removal of the reaction solvent (by distillation), if necessary, after performing 
a simple process such as separation and filtration. 

[0092] As described above, the method for preparing a tetrakis(f luoroaryl)borate derivative according to the present 
25 invention is a method of reacting a tetrakis(f luoroaryl) borate compound obtained by the above-mentioned purifying 
method with a cation seed generating compound. 

[0093] According to this method, it is possible to prepare tetrakis(fluoroaryJ)borate derivatives from tetrakis(fluoro- 
aryl)borate compounds, i.e., alkali metal salts of tetrakis(fluoroaryl)borate, alkaline earth metal salts of tetrakis (fluoro- 
aryl)borate, alkaline earth metal halide salts of tetrakis(fluoroaryl)borate and hydrogen compounds of 
30 tetrakis(fluoroaryl)borate, efficiently and at low costs. Since the derivatives do not contain colored components and 
impurities, for example, halogenated magnesium, they have a high purity and can be suitably used as, for example, a 
co-catalyst of a metallocene catalyst for a cationic complex polymerization reaction and a catalyst for photopolymeriza- 
tion of silicone. 

35 [Examples] 

[0094] The following description will explain in great detail the present invention by illustrating examples. However, the 
present invention is not limited by these examples. 

40 [Example 1] 

[0095] 400 ml of a xylene (organic solvent) solution containing 108.8 g (0.160 moles) of a tetrakis(pentafluorophe- 
nyl)borate • hydrogen as a crude tetrakis(f luoroaryl)borate compound, and 500 ml of ion-exchange water were placed 
in a 1 -liter reaction vessel equipped with a thermometer, a stirrer and a reflux condenser. The purity of the tetrakis(pen- 
45 tafluorophenyl)borate • hydrogen in the solution was 95.4%. Moreover, the solution was colored black by colored com- 
ponents. 

[0096] Next, the mixture was heated and stirred at 100 °C for 4 hours. Subsequently, the stirring was stopped, and 
the mixture was cooled to 70 °C. As a result, the mixture separated into two layers, i.e., a black xylene layer and a color- 
less transparent aqueous layer. Then, by performing separation (oil and water separation), only the aqueous layer was 
so separated. 

[0097] The content of the tetrakis(pentaf luorophenyl)borate • hydrogen in the aqueous layer was found by measuring 
19 F-NMR (nuclear magnetic resonance) spectrum. More specifically, by using p-fluorotoluene as an internal standard, 
19 F-NMR was measured under predetermined conditions. In the measurement, a trifluoroacetic acid was used as a 
standard material, and the position of the signal was made 0 ppm. Then, the integrated value of fluorine atoms of p- 
55 f luorotoluene and the integrated value of fluorine atoms in the ortho position of the pentaf luorophenyl group of the tet- 
rakis(pentafluorophenyl)borate • hydrogen were obtained from the chart of the 19 F-NMR, and the amount of the tet- 
rakis(pentafluorophenyl) borate • hydrogen was calculated from the integrated values. As a result, it was found that 79.4 
g of colorless tetrakis(pentafluorophenyl) borate • hydrogen was contained in the aqueous layer, and the purity was 
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99.0%. Besides, the recovery of the tetrakis(pentafluorophenyl)borate • hydrogen was 73.0%. 
[Example 2] 

5 IS o A * S S! i0r ! ° ontainin 9 1 08 8 9 <° 1 60 mole *> °» a crude (purity: 95.4%) tetrakis(perrtaf luorophenyl) borate • hv- 
™ f 20 "3 ° f Xyle T' 3nd 400 ml « *"*"*™B» water were placed in a 1 -liter reaction ZSS2Si «Sh 
pcHems 3 PPmQ ' 3 3nd 3 diSti " ati0n 8pparatuS 7,16 solution was colored blaS byX^cot 

,o I-^ 91 « k "S" ^ miXtUre W3S heat6d t0 1 00 ° C with in order to remov e xylene by distillation Water which dis- 

n^,„°h th y I >rm " 19 T TS* C0m P° sitol ** ene separated, and lien r eLned to ^£S£2£| 

2 liS^* s *s ssr 31 the ^ 200 mi of x ^ e was removed * 

mixture was cooled to 70 C. As a result, the mixture separated into two layers, i.e.. a black xylene layer and a white 
aqueous layer. Then, by performing separation, only the aqueous layer was separated 

« t^°? , 11 r« foUnd , aS a r f U,t * P 6 *"""* *e analysis in the same manner as in Example 1 that 98 1 g of colorless 
T5 tetrak.s(pentafluorophenyl)borate. hydrogen was contained in the aqueous layer, and the purity was99 0% FuleT 
the recovery of the tetrakis(pentafluorophenyl)borate • hydrogen was 90.2%. ' 

[Example 3] 

20 [0101] 400 ml of a xylene solution containing 108.8 g (0.160 moles) of a crude (purity: 95 4%) tetrakisfoentafluomnh 
eny.)borate • hydrogen, and 600 m. of ion-exchange water were placed in the J^^L^S2?SS5" 
The solution was colored black by colored components. example i. 

mOZL miXtUr6 W3S hSated t0 100 ° C With Stirring in order to remove xv,ene b y distillation. Water which dis- 

« 2 ? rm,n - 9 a ." azeotrop,c ""Position with xylene was separated, and then returned to the reaction vessel 

25 through the dropping funnel. The heating was stopped at the time the removal of xylene by dW^TSS? 

and the mixfcre was cooled to 70 °C. As a result, the mixture separated into two layers, i.e a white aqu^aTer aS 

f ' ** V Z r T inin9 * thS b ° tt0m ° f the reaCti ° n vessel " and on * tne aqueous layer was separaS ' 

!? S | 38 ^ ° performin 9 the ana| V sis in th * same manner as in Example 1 that 1 05 5 g of colorless 
tetrakis(pentafluorophenyl) borate • hydrogen was contained in the aqueous layer and the purity was 99 0% R?^ 
so the recovery of the tetrakis(pentafluorophenyl)borate • hydrogen was97.0%. 6 ' 

[Example 4] 

« Si 041 400 l2 ° f 3 di - n ' butvl etner «**>" containing 108.8 g (0.160 moles) of a crude (purity 95 5%) tetrakisfoen 

^™?? n S**T: hydr ° 9en ' 8nd 500 ml ° f io "-^hange water were placed in the Li'rSS vtse. as in 
Example 2. The solution was colored black by colored components 

[01 1 05] Next the mixture was heated to 1 00 °C with stirring in order to remove di-n-butyl ether by distillation More™** 
water which distiHed off by forming an azeotropic composition with di-n-buty. ether wafsepaJteS and SretumS to 
the reaction vessel through the dropping funnel. The heating was stopped at the time the Smova 53ISSS?£ 

SE^Sf* ^ ^ mlXtUre ^ ^ 10 70 ° a 3 reSU,t 3 WaCk ° i,y ' ayer -mainedtX bo^m 
[01 06] Thereafter. 1 00 ml of toluene as an aromatic hydrocarbon was placed in the reaction vessel through the droo- 
ping fonnel. and heated and stirred at 70 »C for one hour. When the stirring was stopped, the rSrVwas «2 
into two layers, i.e.. a black toluene layer and a colorless transparent aqueous layer, ^en. by SS^SSS? 
45 only the aqueous layer was extracted from the reaction vessel. forming separation, 

!°2 07 i , " !, foUnd 88 3 r6SUlt ^ P erformin 9 the analysis in the same manner as in Example 1 that 1 03 4 a of colorless 
tetrakisfeentafluoropheny.) borate • hydrogen was contained in the aqueous layer, and the punTwas 99 0% p' IT 
the recovery of the tetrakis(pentafluorophenyl)borate - hydrogen wbb95.0%. 

so [Example 5] 

[01 08] 230 ml of ion-exchange water was placed in a 1 -liter container equipped with a thermometer a stirrer an n a 

55 ^ ratas (P enteflu ° r °Phenyl)borate • hydrogen, and 400 ml of ion-exchange iter wtTpSed in 

55 the Soxhlet exlractor. The solution was colored black by colored components 

[0109] Next, after carrying out reflux intermittently for 60 hours while stirring the ion-exchange water in the reaction 
vessel to perform extraction, heating and stirring were stopped. The aqueous solution (extra*) i *il!£S3 
and the aqueous layer in the Soxhlet extractor were colorless and transparent. The aqueous layeMn the eZc 
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tor was separated and this aqueous solution and extract were combined. 

[01 1 0] It was found as a result of performing the analysis in the same manner as in Example 1 that 1 1 .0 g of colorless 
tetrakis(pentafluorophenyl)borate • hydrogen was contained in the mixture, and the purity was 99.0%. Further, the 
recovery of the tetrakis(pentafluorophenyl)borate • hydrogen was 64.7%. 

5 

[Example 6] 

[0111] 400 ml of a di-n-butyl ether solution containing 112.3 g (0.160 moles) of sodium tetrakis(pentafluorophenyl) 
borate as a crude (purity: 95.5%) tetrakis(fluoroaryl)borate compound, and 600 ml of ion-exchange water were placed 

w in the same reaction vessel as in Example 2. The solution was colored black by colored components. 

[01 1 2] Next, the mixture was heated to 1 00 °C with stirring in order to remove di-n-butyl ether by distillation. Moreover, 
water which distilled off by forming an azeotropic composition with di-n-butyl ether was separated, and then returned to 
the reaction vessel through the dropping funnel. The heating was stopped at the time the removal of di-n-butyl ether by 
distillation was completed, and the mixture was cooled to 70 °C. As a result, a black oily layer remained at the bottom 

15 of the reaction vessel . 

[0113] Thereafter, 200 ml of toluene was placed in the reaction vessel through the dropping funnel, and heated and 
stirred at 70 °C for one hour. Subsequently, the mixture was cooled to 50 °C. When the stirring was stopped, the mixture 
separated into two layers, i.e., a black toluene layer and an aqueous layer. Then, by performing separation, only the 
aqueous layer was extracted from the reaction vessel. 
20 [0114] It was found as a result of performing the analysis in the same manner as in Example 1 that 104.6 g of colorless 
sodium tetrakis(pentafluorophenyl)borate was contained in the aqueous layer, and the purity was 99.0%. Further, the 
recovery of the sodium tetrakis(pentafluorophenyl)borate was 93.1%. 

[Example 7] 

25 

< [01 1 5] 80 ml of a xylene solution containing 1 03.4 g (0. 132 moles) of tetrakis(pentaf luorophenyl) borate • magnesium 
bromide as a crude (purity: 95.5%) tetrakis(fluoroaryl)borate compound, and 125 ml of ion-exchange water were placed 
in the same reaction vessel as in Example 2. The solution was colored black by colored components. 
[01 1 6] Next, the mixture was heated to 1 00 °C with stirring in order to remove xylene by distillation. The heating was 
30 stopped at the time the removal of xylene by distillation was completed, and the mixture was cooled to 70 °C. As a 
result, the mixture was separated into two layers, i.e., a white aqueous layer and a black oily layer remaining at the bot- 
tom of the container, and only the aqueous layer was extracted from the reaction vesseL 

[01 17] It was found as a result of performing the analysis in the same manner as in Example 1 that 55.0 g of colorless 
tetrakis(pentaf luorophenyl) borate • magnesium bromide was contained in the aqueous layer, and the purity was 99.0%. 
35 Further, the recovery of the tetrakis(pentafluorophenyl)borate • magnesium bromide was 61 .3%. 

[Example 8] 

[01 1 8] An aqueous solution containing 79.4 g (0. 1 1 7 moles) of the tetrakis(pentaf luorophenyl)borate • hydrogen which 
40 was purified in Example 1 was placed in a 1 -liter reaction vessel equipped with a thermometer, a dropping funnel, a stir- 
rer and a reflux condenser. Meanwhile, 130 ml of an aqueous solution containing 0.155 moles of N.N-dimethylaniline • 
sulfate as a cation seed generating compound was charged to the dropping funnel. 

[0119] Next, the aqueous solution in the reaction vessel was heated to 70 °C while stirring the aqueous solution. 
Thereafter, the aqueous solution in the dropping funnel was dropped at the same temperature over 30 minutes. After 
45 the dropping was completed, the reaction solution was cooled to room temperature. Whereby the reaction solution was 
crystallized. Then, the crystal was collected by suction filtration. The resultant cake (crystal) was washed with 160 ml 
of ion-exchange water, and then dried under reduced pressure. 

[0120] Consequently, N,N-dimethylanilinium • tetrakis (pentafluorophenyl)borate as a tetrakis (fluoroaryl)borate deriv- 
ative was obtained as white powder. It was found as a result of performing the analysis in the same manner as in Exam- 
so pie 1 that the yield of N,N-dimethylanilinium •tetrakis (pentafluorophenyl)borate was 95.0 mole% based on the 
tetrakis(pentafluorophenyl)borate • hydrogen, and the purity was 99.0%. 

[Example 9] 

55 [0121] An aqueous solution containing 105.5 g (0.155 moles) of the tetrakis(pentaf luorophenyl) borate • hydrogen 
which was purified in Example 3 was charged to the same reaction vessel as in Example 8. Meanwhile, 130 ml of an 
aqueous solution containing 0.155 moles of N.N-dimethylaniline • sulfate was charged to the dropping funnel 
[0122] Next, by performing the same reaction and operation as in Example 8, N,N<Jimethylanilinium - tetrakis (pen- 
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^nnlTr c enyl L to ^ e l T^ bta ! ned 35 Whte POWd6r " WaS found as a resuK of Performing the analysis in the same 
EST I 5? the yie ' d ° f N-N-d^thylanilinium-tetrakis (pentafluorophenyl)borate was 90.0 mole% 
based on the tetrakis(pentaf luorophenyl)borate • hydrogen, and the purity was 99.0%. 

5 [Example 1 0] 

[0123] An aqueous solution containing 1 03.4 g (0. 1 52 moles) of the tetrakis(pentaf luorophenyl) borate • hydrogen 
wh.ch was punfied in Example 4 was charged to the same reaction vessel as in Example 8 Meanwhile 130 ml of an 
,» t? T containing 0 1 55 mo,es of KN-dimethylaniline - sulfate was charged to the dropping funnel 

2 ImSJJ^S! P erformin 9 the s*™ reactk>n and operation as in Example 8. N.N-dimethylanilinium • tetrakis(pen- 

mJn^c V L , T K° bta,ned 35 WhitS P ° Wder " W3S found as a result of Performing the analysis in the same 
manner as in Example 1 that the yield of N.N^imethylanilinium - tetrads (pentafluorophenyl)borate was 95 0 mole% 
based on the tetrakis(pentaf luorophenyl)borate • hydrogen, and Ihe purity was 99.0%. 

is [Example 11] 

[0125] An aqueous solution containing 1 0.5 g (0.01 5 moles) of the sodium tetraWs(pentaf luorophenyl)borate purified 

£5T2?i! ""J Cha ;S^ th6 J ^ rSaCti0n V6SSel 98 " Example 8 " Meanwhi,e ' 13 ml - ^ aqueous ZT 
taming 0.01 5 moles of N.N-d.methylaniline- sulfate was charged to the dropping funnel 

20 [0126] Next, by performing the same reaction and operation as in Example 8 except that the amount of the ion- 
exchange water for washing the cake was changed to 60 ml. N.N-dimethylanilinium • tetrakis (pentaf luorophenyl)borate 

!EJ t°h 'S a f SZ Z -^T " W3S foUnd 38 8 rSSUIt ° f P** 0 ™^ the analysis in the same manner as in Example 1 
that the yield of N.N-dimethylanilinium • tetrakis (pentaf luorophenyl)borate was 95.0 mole% based on the sodium tet- 
rakis(pentafluorophenyl)borate. and the purity was 99.0%. 

25 

[Example 12] 

222 ^^r 6 8nd °P eration as in Exam P |e 1 1 were performed except that 20 ml of an aqueous solution 

containing 0.018 moles of tetramethylammonium • hydrochloride as a cation seed generating compound waTusS 
instead of the aqueous solution of N, N-dimethylaniline • sulfate. P as usea 

[0128] As a result, tetramethylammonium • tetrakis(pentafluorophenyl)borate as a tetrakis (f luoroaryl) borate deriva- 

ple 1 that the yield of the tetramethylammonium -tetrakis(pentafluorophenyl)borate was 97.4 mole% based on the 
sodium tetrakis(pentafluorophenyl)borate, and the purity was 99.0%. 
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[Example 13] 



22" ^nnflT 6 T* 0 " a " d operation as in Exam P ,e 1 1 were performed except that 20 ml of an aqueous solution 
40 Z^l l m ° ,eS ^^"^^ hydrochloride as a cation seed generating cornp^und is uS 
40 instead of the aqueous solution of N, N-dimethylaniline 'sulfate. 

[0130] As a result tri-n-butylammonium - tetrakis (pentafluorophenyl)borate as a tetrakis (fluoroaryltoorate derivative 

S£ !? T?JT " ^ ^ 35 3 rSSUlt ° f Pert ° rmin9 the analysis in *• ma™ - * bSS? 
that tire yekJ of the tr,-n-butylammon.um • tetrakis(pentaf luorophenyl)borate was 96.5 mole% based on the sodium tet- 

rakis(pentafluorophenyl)borate. and the purity was 99.0%. 



[Example 14] 



• r , eaCti ° n and °P eration as in Exam P'e 1 1 were performed except that 20 ml of an aqueous solution 

conta.n.ng 0.015 moles of tetra-n-butylphosphonium bromkie as a cation seed generating compound S!SSSS 
of the aqueous solution of N, N-dimethylaniline -sulfate. U5eo ,nsieaa 

[01 32] As a result, tetra-n-butylphosphonium - tetrakis(pentaf luorophenyl)borate as a tetrakis(f luoroarvl)borate deriv- 

*! " aS t ° Pta ' nad a f P0WdBr - 1 ? S fomd aS 9 resu,t of P«fc™*W the analysis in the same manner as in Exlm- 
P i f 1 L yi , d ° f the ^ra-n-butylphosphonium .tetrakis(pentafluorophenyl)borate was 83.9 mole % based onTe 
sodium tetrakis(pentafluorophenyl)borate. and the purity was 99.0%. 



[Example 15] 



[01 33] The same reaction and operation as in Example 1 1 were performed except that 20 ml of an aqueous solution 
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containing 0.016 moles of trimethylsulfonium iodide as a cation seed generating compound was used instead of the 
aqueous solution of N,N-dimethylaniline • sulfate. 

[01 34] As a result, trimethylsulfonium • tetrakis(pentaf luorophenyl)borate as a tetrakis(f luoroaryl)borate derivative was 
obtained as white powder. It was found as a result of performing the analysis in the same manner as in Example 1 that 
5 the yield of the trimethylsulfonium • tetrakis(pentafluorophenyl)borate was 89.5 mole% based on the sodium tet- 
rakis(pentafluorophenyl)borate, and the purity was 99.0%. 

[Example 16] 

w [0135] The same reaction and operation as in Example 1 1 were performed except that 20 ml of an aqueous solution 
containing 0.015 moles of pyridine • hydrochloride as a cation seed generating compound was used instead of the 
aqueous solution of N,N-dimethy1aniline • sulfate. 

[0136] As a result, pyridinium • tetrakis(pentaf luorophenyl)borate as a tetrakis(fluoroaryl)borate derivative was 
obtained as white powder. It was found as a result of performing the analysis in the same manner as in Example 1 that 
75 the yield of the pyridinium • tetrakis(pentaf luorophenyl)borate was 89.2 mole% based on the sodium tetrakis(pentaf luor- 
ophenyl)borate, and the purity was 99.0%. 

[Example 17] 

20 [0137] The same reaction and operation as in Example 1 1 were performed except that an aqueous solution contain- 
ing 8.2 g (0.012 moles) of tetrakis(pentaf luorophenyl)borate • sodium was charged to the reaction vessel and 20 ml of 
an aqueous solution containing 0.012 moles of N-methylquinoline iodide as a cation seed generating compound was 
used instead of the aqueous solution of N.N-dimethylaniline • sulfate. 

[0138] As a result, N-methyl quinolinium • tetrakis(pentafluorophenyl)borate as a tetrakis (fluoroaryl)borate derivative 
25 was obtained as white powder. It was found as a result of performing the analysis in the same manner as in Example 1 
that the yield of the N-methyl quinolinium •tetrakis(pentafluorophenyl)borate was 93.5 mole% based on the sodium tet- 
rakis(pentafluorophenyl)borate, and the purity was 99.0%. 

[Example 18] 

30 

[0139] By distilling water under reduced pressure from an aqueous solution containing 14.04 g (0.020 moles) of the 
sodium tetrakis(pentafluorophenyl)borate which was purified in Example 6, 13.18 g (0.019 moles) of the sodium tet- 
rakis(pentaf luorophenyl)borate was obtained as a white solid. The purity of the resultant sodium tetrakis(pentaf luoroph- 
enyl)borate was 99%, and the recovery thereof from the aqueous solution was 93.9%. 
35 [0140] Next, the sodium tetrakis(pentafluorophenyl) borate, 0.019 moles of triphenylcarbenium chloride as a cation 
seed generating compound and 200 ml of n-hexane (reaction solvent) were charged to a reaction vessel equipped with 
a thermometer, a stirrer and a reflux condenser. Subsequently, the content was heated while stirring the content to carry 
out a reaction for 6 hours under reflux. 

[0141] After the reaction was completed, the reaction mixture was cooled to room temperature. Whereby a yellow 
40 crystal was deposited from the reaction solution. Then, the crystal was collected by suction filtration. The resultant cake 
(crystal) was dissolved in 100 ml of dichloromethane, and insolubles were removed by filtration through Celite. The 
resultant filtrate was condensed and dried to obtain a solid. Thereafter, the solid was suspended in 100 ml of n-hexane. 
and stirred for 1 6 hours. Thereafter, the stirring was stopped, and the precipitate was collected under reduced pressure. 
Next, the resultant cake was washed with 100 ml of n-hexane, and dried under reduced pressure. 
45 [0142] Consequently, triphenylcarbenium • tetrakis (pentafluorophenyl)borate as a tetrakis (fluoroaryl)borate deriva- 
tive was obtained as yellow powder. It was found as a result of performing the analysis in the same manner as in Exam- 
ple 1 that the yield of triphenylcarbenium • tetrakis(pentaf luorophenyl)borate was 30.2 mole% based on the sodium 
tetrakis(pentafluorophenyl)borate, and the purity was 99.0%. 

so [Example 19] 

[0143] 110.10 g of an aqueous solution containing 10.10 g (0.01439 moles) of the sodium tetrakis(pentafluorophe- 
nyl)borate which was purified in Example 6, and 30 ml of dichloromethane (organic extracting solvent) were charged to 
a separating funnel, shaken strongly, and then left to rest. After separating a dichloromethane layer, another 30 ml of 
55 dichloromethane was charged to the separating funnel and carried out the same procedure as above. The separating 
dichloromethane layers were combined and dried over anhydrous sodium sulfate, and concentrated under reduced 
pressure. As a result, a white solid was obtained. It was found by performing the analysis in the same manner as in 
Example 1 that the solid contained 9.78 g (0.01393 moles) of sodium tetrakis(pentafluorophenyl)borate, and the purity 
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was 99.0%. Besides, the recovery of sodium tetraWs(pentafluorophenyl)borate was 96.8% 

T£L ^ I* 16 SOdi r ta trakis(pentafluorophenyl) borate, 2.61 g (0.0139 moles) of 2-aminoadamarrtane • hydro- 
chloride as a cation seed generating compound, and 100 ml of cyclohexane (reaction solvent) were charged to a reac- 
tion vessel equipped with a thermometer, a stirrer and a reflux condenser. Subsequently, the reaction mixture was 
stirred at room temperature (26 °C) fori hour and refluxed for 3 hours ^ 
[0145] After the completion of the reaction, the reaction mixture was cooled to room temperature. Whereby the reac- 
£L£ °* !5? c ^ tal,ized - rnen ' ■» was collected by suction filtration. The resultant cateJrysS)^ 

washed with 100 ml of .on-exchange water, and then dried at 70 °C for 12 hours under reduced pressure 
[0146] As a result adamantan-2-yl-ammonium • tetrakis(pentaf luorophenyl)borate as a tetrakis (f luoroaryl)bor a te 

l£S??£ii : Wte CryStaL * f ° Und 35 3 rSSU " 0f performin 9 •» «** in manner as in 

Example 1 that the yield of adamantan-2-yl-ammonium . tetrakis(pentafluorophenyl)borate was 88.2 mole% based on 

the sodium tetrakis(pentafluorophenyl)borate. and the purity was 99.0%. 
[Example 20] 

[0147] 30 ml of a di-n-butyl ether solution containing 12.3 g (0.021 6 moles) of a crude (purity: 86.5%) n-butyl-tris(pen- 

lltT^' hydr096 "' "? 150 m ' ° f «*• ' were charged to ft. same reaion^sse. as in 

Example 2. The solution was colored black by the colored components. 

[0148] Next di-n-butyl ether was removed by distillation by heating the mixture to 100 "C while stirring the mixture 

USSTT JFZ*"* ° ff bX *" formati ° n ° f an a2e0tropiC wi *h di-n-butyl ether was sepaS' 

S 1° reaCt '°': V6SSel thr ° U9h thS dr ° Ppin9 funneL 7,16 heati "9 was ^pped at the time the distiS 

ton of di-n-butjj ether was completed, and the mixture was cooled to 70 °C. As a result, the mixture separated into two 
layers, i.e.. a white aqueous layer and a black oily layer remaining at the bottom of the reaction vessel Then only the 
fnTA^f L ^ S6parated Thus - *e "-butyl-tris (pentafluorophenyl)borate • hydrogen was purified ' 
♦hi k S " bseq " e " ,| y- ^ e aqueous solution containing the n-butyl-tris(pentaf luorophenyl)borate • hydrogen purified in 
the above<lescr,bed method was charged to the same reaction vessel as that used in Example 8. Meanwhile 50 ml 
fn n i^ e °^^ ,0n ^ ntainin9 0 025 m0 ' eS ° f tetramethylammonium chloride was charged to the dropping funneT 
[0150] Next by performing the same reaction and operation as in Example 8. 10.30 g of tetramethylammonium'. n- 
butyl-trisfpentafluorophenyl) borate was obtained as white powder, ft was found as a result of^eSng Z^yi 
in the same manner as ,n Example 1 that the yield of tetramethylammonium • n-butyl-tris(pentaf luorophenyhborate was 
75.0 mole% based on the n-butyl-tris(pentafluorophenyl) borate • hydrogen, and the purity was 96.0% 

[Example 21] 

[0151] 30 ml of a di-n-butyl ether solution containing 1.54 g (0.0025 moles) of crude (purity 90 0%) sodium 
cydohexyl-tr,s(pentafluorophenyl)borate. and 50 ml of ion-exchange water were charged to the same reactfon vSsS 
as in Example 2. The solution was colored black by the colored components 

[01 52] Next, di-n-butyl ether was removed by distillation by heating the mixture to 1 00 °C while stirring the mixture 

and then returned to the reaction vessel through the dropping funnel. The heating was stopped at the time the distiSa- 
ton of di-n-buty ether was completed, and the mixture was cooled to 70 «C. As a result the mixture JSZESSZ 
layers, i.e.. a whrte aqueous layer and a black oily layer remaining at the bottom of the reaction vessel Then only the 
fn«T S |°l!f 0n W3S se ? arated - cyclohexyl-tris(pentafluorophenyl) borate • sodium was purified ' 

\*1*L f^^^'^ ! qUe ° US S ° IUti0n containin 9 *e sodium cyclohexyl-tris(pentafluorophenyl)borate purified in 
the above-descnbed method was charged to the same reaction vessel as that used in Example 8. Meanwhile 30 m7 

mS 160 ^ ^'° n ^ nta . ining 0 005 mo,es of tetramethylammonium chloride was charged to the dropping funnel 

♦ ?' b L perform ' n 9 same reaction and aeration as in Example 8, 1 .54 g of tetramethylammonium • cy- 
clohexyl-tr,s(pentafluorophenyl) borate was obtained as white powder. It was found as a result of performing the anall- 

h!tl ^ ma ™f as EXamP ' e 1 thS yi6ld * tetramethylammonium • cyclohexyl-tris(pentafluorophenyl) 
S. «, 4, ° m ° le% u based on the sodium cydohexyl-tris(pentaf luorophenyl)borate. and the purity was 99 2% 
[01 55] The invention being thus described, rt will be obvious that the same may be varied in many ways Such varia- 
tions are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included within the scope of the following claims 
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1. A method for purifying a tetrakis(fluoroaryl)borate compound, characterized by mixing a solution containing an 
organic solvent and the tetrakis(fluoroaryl)borate compound including impurities, with water. 
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2. The method for purifying a tetrakis(fluoroaryl)borate compound as set forth in claim 1 , 

wherein the tetrakis(f luoroaryl)borate compound is a compound represented by general formula (3) 



10 



15 




f- R L_ 



n 



M 



(3) 



J m 



(wherein R is an alkyi group having 1 to 20 carbon atoms or a cycloalkyl group having 3 to 10 carbon atoms, 
R 2» R 3- R 4 and R 5 independently represent a hydrogen atom, a fluorine atom, a hydrocarbon group or an alkoxy 
20 group, at least one of R-j to R 5 is a fluorine atom, M is a hydrogen atom, alkali metal, alkaline earth metal or alkaline 
earth metal halide, n is 3 or 4, and m is 1 when M is a hydrogen atom, alkali metal or alkaline earth metal halide, 
or m is 2 when M is an alkaline earth metal). 

3. The method for purifying a tetrakis(f luoroaryl)borate compound as set forth in claim 1 , 
25 wherein the tetrakis(fluoroaryl)borate compound is a compound represented by general formula (1) 



30 



35 




- m 



40 

(wherein R-,, R 2 , R 3 , R 4 , R 5 , F^, R 7 , R 8 , R 9 and R 10 independently represent a hydrogen atom, a fluorine atom, a 
hydrocarbon group or an alkoxy group, at least one of R-, to R 5 is a fluorine atom, at least one of R 6 to R 10 is a flu- 
orine atom, M is a hydrogen atom, alkali metal, alkaline earth metal or alkaline earth metal halide, n is 3 or 4, and 
45 m is 1 when M is a hydrogen atom, alkali metal or alkaline earth metal halide, or m is 2 when M is an alkaline earth 
metal). 

4. The method for purifying a tetrakis(fluoroaryl)borate compound as set forth in any one of claims 1 to 3, 
wherein, after mixing the solution with water, the organic solvent is removed from the mixture by distillation. 

50 

5. The method for purifying a tetrakis(fluoroaryl)borate compound as set forth in any one of claims 1 to 3, 
wherein, after mixing the solution with water, an aqueous solution obtained by removing the organic solvent from 
the mixture by distillation is further mixed with an aromatic hydrocarbon. 

55 6. The method for purifying a tetrakis(f luoroaryl)borate compound as set forth in claim 4 or 5, 

wherein the organic solvent is removed by distillation so that the organic solvent is not more than 30% by weight 
based on a weight of water. 
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7. The method for purifying a tetrakis(f luoroaryl)borate compound as set forth in any one of claims 1 to 6 
wherein the tetrakis(f^oroaryl)borate compound is isolated as a solid from an aqueous solution of tetrakisff luoro- 
aryl)borate compound obtained by mixing said solution with water. 

8. The method for purifying a tetrakis(fluoroaryl)borate compound as set forth in claim 7 
wherein water is removed from the aqueous solution by distillation. 

9. The method for purifying a tetrakis(fluoroaryl)borate compound as set forth in claim 7 

wherein the aqueous solution is condensed and/or cooled to separate the tetrakis(fluoroaryl)borate compound. 

10. The method for purifying a tetrakis{fluoroaryl)borate compound as set forth in claim 7 

wherein the aqueous solution is mixed with an organic extraction medium which dissolves the tetrakisffluoro- 
aryl)borate compound and is not evenly mixed with water. 
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A method for preparing a tetrakis(fluoroaryl)borate derivative, characterized by reacting a compound which forms 
a monovalent cation seed with a tetrakis(fluoroaryl)borate compound purified by mixing a solution containinq an 
organic solvent and the tetrakis(fluoroaryl)borate compound including impurities with water. 

12. The method for preparing a tetrakis(fluoroaryl)borate derivative as set forth in claim 1 1 

wherein the tetrakis(f luoroaryl)borate compound is a compound represented by general formula (3) 



25 



30 
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4-n 



M 



(3) 



- 1 m 

(wherein R is an alkyl group having 1 to 20 carbon atoms or a cycloalkyl group having 3 to 10 carbon atoms R, 
H 2 . R 3 . R 4 and R 5 independently represent a hydrogen atom, a fluorine atom, a hydrocarbon group or an alkoxv 

HIT? ?T ° f Rl 10 Rs iS 3 f ' UOrine at0m ' M is a ^ W atom, alkali metal, alkaline earth metal or alkaline 
earth metal hahde. n ,s 3 or 4, and m is 1 when M is a hydrogen atom, alkali metal or alkaline earth metal halide 
or m is 2 when M is an alkaline earth metal). ' 

13. The method for preparing a tetrakis(fluoroaryl)borate derivative as set forth in claim 11 

wherein the tetrakis(fluoroaryl)borate compound is a compound represented by general formula (1) 
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(wherein R 1( R 2> R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 independently represent a hydrogen atom, a fluorine atom, a 
hydrocarbon group or an alkoxy group, at least one of to R 5 is a fluorine atom, at least one of R 6 to R 10 is a flu- 
orine atom, M is a hydrogen atom, alkali metal, alkaline earth metal or alkaline earth metal halide, n is 3 or 4, and 
m is 1 when M is a hydrogen atom, alkali metal or alkaline earth metal halide, or m is 2 when M is an alkaline earth 
5 metal). 

14. The method for preparing a tetrakis(fluoroaryl)borate derivative as set forth in claim 1 1 or 13, 
wherein the tetrakis(fluoroaryl)borate derivative is a compound represented by general formula (2) 



15 



20 




(wherein R 1t R 2 . R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 independently represent a hydrogen atom, a fluorine atom, a 
hydrocarbon group or an alkoxy group, at least one of R 1 to R 5 is a fluorine atom, at least one of R 6 to R 10 is a flu- 
25 orine atom, Z + is a monovalent cation seed, and n is 3 or 4). 
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(wherein to R 10 independently represent H, F, a hydrocarbon group or an alkoxy group, at least one of to R 5 is F, 
at least one of R 6 to R 10 is F, M is H, alkali metal, alkaline earth metal or alkaline earth metal halide, n is 3 or 4, and m 
is 2 when M is an alkaline earth metal, or m is 1 when M is the other) is mixed with water. The purified compound is 
reacted with a compound which forms a monovalent cation seed to prepare a derivative. Thus, a purifying method capa- 
ble of efficiently and easily separating and removing colored components contained in tetrakis(fluoroaryl)borate com- 
pounds can be provided. Moreover, it is possible to provide a method capable of preparing a highly-pure 
tetrakis(fluoroaryl)borate derivative efficiently and at low costs. 
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